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57 ABSTRACT 
A hydrocarbon is removed from an azeotropic mixture 
of a hydrocarbon and an alcohol by distillation with 
anhydrous ammonia. 

15 Claims, 1 Drawing Figure 
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1. 

SEPARATION OF HYDROCARBON AND 
ALCOHOL AZEOTROPIC MIXTURES BY 

DISTILLATION WITH ANHYDROUS AMMONIA 

BACKGROUND OF THE INVENTION 

This invention relates to the separation of liquid mix 
tures. It further relates to the separation of hydrocar 
bon-alcohol azeotropes using anhydrous ammonia as 
the entraining agent. In one embodiment, it relates to 
the distillation of cyclohexane from an azeotropic mix 
ture of cyclohexane and t-butyl alcohol. 

In certain industrial chemical processes, liquid azeo 
tropic mixtures of a hydrocarbon and an alcohol are 
used as solvent mediums or are obtained as a byproduct. 
Such mixtures may be the preferred solvents because of 
physical or chemical properties of the azeotropic mix 
ture which are not characteristic of the individual com 
ponents. For example, in the process for preparing 
mixed, isomeric unsaturated dinitriles from the reaction 
of acrylonitrile and isobutylene, a step in the production 
of fiber-grade polyamides, an azeotropic mixture of 
cyclohexane and t-butyl alcohol is the preferred reac 
tion solvent because it is a stable composition at the 
reaction conditions and because the mixture has a much 
lower freezing point than either of its components, each 
of which freezes above 32 F. and is thus an impractical 
solvent for a plant process. It has been found that this 
azeotropic mixture is particularly difficult to separate 
into its components because the mixture forms solid 
solutions, making it impossible to separate by crystalli 
zation as well as by distillation. 

It is thus an object of this invention to provide a 
method for separating azeotropic mixtures of a hydro 
carbon and an alcohol. It is a further object to provide 
a method for the distillation of cyclohexane from an 
azeotropic mixture of cyclohexane and t-butyl alcohol. 

SUMMARY OF THE INVENTION 
According to the invention, azeotropic mixtures 

comprising a hydrocarbon and an alcohol are separated 
by distillation using anhydrous ammonia as an entrain 
ing agent. According to one embodiment of the inven 
tion, cyclohexane is separated from the azeotropic mix 
ture of cyclohexane and t-butyl alcohol by distillation 
with anhydrous ammonia. According to another aspect, 
a hydrocarbon is removed from an azeotropic mixture 
of a hydrocarbon and ethanol by entrainment with an 
hydrous ammonia. 

DETAILED DESCRIPTION OF THE 
INVENTION 

In the invention process for the distillation of an azeo 
tropic mixture of at least one hydrocarbon and at least 
one alcohol, the mixture is contacted with anhydrous 
ammonia under suitable distillation conditions, and a 
mixture of ammonia and at least one hydrocarbon is 
withdrawn overhead. 

Included within the hydrogen-alcohol azeotropic 
mixtures of the invention process are, for example, the 
following compositions: t-butyl alcohol and cyclohex 
ane (37:63 weight percent, boiling point 71° C); t-butyl 
alcohol and n-heptane (62:38 weight percent, boiling 
point 78° C); t-butyl alcohol and cyclopentane (7.93 
weight percent, boiling point 48.2 C.); n-butyl alcohol 
and n-octane (50:50 weight percent, boiling point 110.2 
C.); isopropyl and benzene (33.3:66.7 weight percent, 
boiling point 71.9 C); isopropyl alcohol and cyclohex 
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2 
ane (33:67 weight percent, boiling point 68.6 C.); iso 
propyl alcohol and methycyclopentane (25:75 weight 
percent, boiling point 63.3 C.); methyl alcohol and 
n-hexane (26.4:73.6 weight percent, boiling point 50.6 
C.); ethyl alcohol and n-hexane (21:79 weight percent, 
boiling point 58.7 C.); ethyl alcohol and n-heptane 
(48.2:51:8 weight percent, boiling point 70.9 C); ethyl 
alcohol and benzene (32.4:67.6 weight percent, boiling 
point 68.2° C); isopropyl alcohol and n-hexane 
(22.6:77.4 weight percent, boiling point 61° C); isopro 
pyl alcohol and toluene (58:42 weight percent, boiling 
point 80.6° C); n-propyl alcohol and benzene (16.9:83.1 
weight percent, boiling point 77.1 C); n-propyl alco 
hol and toluene (49.5:50.5 weight percent, boiling point 
92.6 C.); 1-butyl alcohol and cyclohexane (4:96 weight 
percent, boiling point 79.8 C.); 1-butyl alcohol and 
n-heptane (18:82 weight percent, boiling point 93.9 C). 
The separation process can be carried out in a frac 

tionating column, which will in general have at least 15 
stages. Generally in such a method, the entraining agent 
will be introduced in the lower portion of the distilla 
tion column as a part of the azeotrope feedstream. The 
temperature in the lower portion of the distillation col 
umn is that which will produce a vapor phase overhead 
product and a liquid phase bottoms product, the vapor 
phase comprising the hydrocarbon portion of the azeo 
trope in combination with the ammonia solvent, and the 
liquid phase comprising the alcohol component of the 
azeotrope. The vapor phase may in addition contain a 
minor amount of the alcohol, and the liquid phase may 
contain a minor amount of the hydrocarbon. The vapor 
phase is drawn off overhead, and the liquid phase is 
removed from the distillation column as a bottoms 
stream. The ammonia and hydrocarbon can be col 
lected and condensed, producing a liquid mixture which 
is subsequently separated into a hydrocarbon phase and 
an ammonia phase. Make-up ammonia solvent can be 
added to the distillation column as necessary, and the 
recovered ammonia can be recycled to the azeotrope 
feed. 
The distillation conditions will vary depending upon 

the system being separated. The weight ratio of the 
ammonia entraining agent to the feedstream will be 
broadly from about 1/1 to about 20/1, preferably about 
5/1 to 10/1. The head temperature of the distillation 
column will vary widely depending upon the system 
being separated, but will generally be below about 55 
C. The pressure in the distillation column will generally 
be about 300 psig. 

In one embodiment of the invention, anhydrous am 
monia is used as a selective entraining agent for the 
distillation of cyclohexane from an azeotropic mixture 
of t-butyl alcohol and cyclohexane. In this process, 
ammonia and cyclohexane are distilled overhead at an 
overhead temperature of about 52 to 55° C. Cyclohex 
ane distilled overhead is not soluble in ammonia at am 
bient conditions. It can be separated from ammonia by 
cooling and subsequent liquid-liquid phase separation. 
The distillation tower is preferably operated with a 
kettle temperature of 195 C., a lower-section tempera 
ture of about 148" to 165 C. and an upper section tem 
perature of about 50 C. The pressure in the tower is 
maintained at about 300 psig, 
As shown schematically in the FIGURE, a feed 

stream 1 containing an azeotropic mixture of about 3.4 
weight percent t-butyl alcohol, about 5.7 weight per 
cent cyclohexane and about 90.9 weight percent ammo 
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nia is passed into distillation column 2 equipped with 
internal water condensor 3. The feed is added at a stage 
in the column maintained at about 150 C. The column 
is operated at about 300 psig. If the mixture is obtained 
from a process for the production of 5-methylene-1,9- 
nonanedintrile, feed stream 1 may also contain MND 
product from this process. In the distillation column, 
the mixture is separated into a vaporous cyclohexane 
phase and a liquid alcohol phase. The cyclohexane plase 
is condensed in condensor 3 at a temperature of about 
45-50 C. The condensed phase is passed via conduit 4 
to phase separator vessel 5, in which liquid-liquid phase 
separation at ambient temperature and pressure results 
in a substantially ammonia phase 6 and a substantially 
cyclohexane phase 7. The bottoms product in kettle 8, 
maintained at about 195 C., is removed via conduit 9 as 
a liquid non-azeotropic mixture of t-butyl alcohol, cy 
clohexane and a minor amount of ammonia. Reflux 
stream 10 can return a portion of the recovered ammo 
nia to the distillation column. 
The process of extractive distillation of cyclohexane 

from an azeotropic mixture of cyclohexane and t-butyl 
alcohol has utility in a process for the manufacture of 
5-methylene-1,9-nonanedinitrile (MND), a commer 
cially important monomer useful in preparing engineer 
ing plastics. MND is prepared by the catalytic hydroge 
nation of unsaturated aliphatic dinitriles. The process 
requires an azeotropic mixture of t-butyl alcohol and 
cyclohexane as a solvent. According to the present 
invention, anhydrous ammonia can be used as a selec 
tive entraining agent for the extractive distillation of 
cyclohexane from an azeotropic mixture of cyclohex 
ane and t-butyl alcohol used as a solvent in the process 
of preparing MND. 

In another aspect, the invention involves the separa 
tion of ethanol from an azeotropic mixture of a hydro 
carbon and ethanol. Such a separation process would be 
useful, for example, in the recovery of ethanol from a 
biomass fermentation product (ethanol drying). A hy 
drocarbon which forms an azeotrope with ethanol 
could be used to separate ethanol from biomass, or an 
aqueous fermentation broth. The hydrocarbon-ethanol 
would then be passed through a distillation column to 
recover the hydrocarbon the recycle and to produce 
high-quality ethanol product. The ammonia would be 
used on internal recycle in the distillation column. Hy 
drocarbons useful in such a process include, for exam 
ple, hexane, heptane and benzene. 
The process of the invention is illustrated by the 

following examples, in which ammonia is used to en 
train a hydrocarbon from an azeotropic mixture of the 
hydrocarbon and an alcohol. 

EXAMPLE I 

A liquid mixture containing 63 parts by weight cyclo 
hexane, 37 parts by weight t-butyl alcohol, and 100 
parts by weight anhydrous ammonia was fed to a distil 
lation column. The experimental distillation column 
used for this run was 3 inches in diameter and 12 feet 
tall. The column was operated at a pressure of about 300 
psig at a reflux ratio of 2/1 to 10/1. The extractive 
distillation tower had 28 stages. The kettle was operated 
at a temperature of 195 C., the lower section was main 
tained at a temperature of about 148 to 165 C., and the 
upper section was about 50 C. 
The azeotropic mixture and ammonia were fed as a 

liquid into the lower portion of the distillation tower at 
a rate of about 3.52 lb/hr at a temperature of about 150 
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4. 
C. Cyclohexane and ammonia were flashed off over 
head, passed to a water cooler and condensed, and 
passed into a phase separator maintained at ambient 
temperature and pressure. The upper phase contained 
about 9.52 weight percent cyclohexane, 0.96 weight 
percent t-butyl alcohol and 89.52 weight percent ammo 
nia, as determined by gas chromatograph. About 3.15 
lb/hr of the solvent phase was recycled to the distilla 
tion tower. 

In the phase separator an ammonia phase and a cyclo 
hexane phase separated with the ammonia phase con 
taining about 99 weight percent ammonia and about 1 
weight percent t-butyl alcohol. The cyclohexane phase 
contained about 99.5 weight percent cyclohexane and 
about 0.5 weight percent t-butyl alcohol. The bottoms 
from the distillation tower were removed as a liquid 
containing about 18 percent by weight cyclohexane, 2 
percent by weight ammonia and the remainder t-butyl 
alcohol. Thus, the described continuous process was 
successful in recovering about 90 weight percent of the 
feed cyclohexane in the azeotropic mixture in an essen 
tially pure stream from the separator. 

EXAMPLE II 

An azeotropic mixture of n-hexane and ethanol was 
separated by batch extractive distillation with no exter 
nal reflux using ammonia as the entraining agent. A 
mixture of 35.1 weight percent n-hexane, 9.4 weight 
percent ethanol and 55.5 weight percent ammonia was 
fed to a distillation column 1 inch in diameter and 10 
feet tall. The column was packed with -inch Fenske 
packing. Operating conditions were 250 psig and 2.5/1 
reflux ratio. 
The feed mixture was fed as a liquid into the lower 

portion of the distillation tower at a temperature of 
about 45 C. n-Hexane and ammonia were taken off 
overhead, passed to a water cooler and condensed, and 
passed into a phase separator maintained at ambient 
temperature and pressure. 
The total overhead contained about 33.9 wt.% n 

hexane, 0 wt.% ethanol and 66.1 wt.% NH3. 
In the phase separator an ammonia phase and a n-hex 

ane phase separated with the ammonia phase containing 
about 69.5 wt.% ammonia and 30.5 wt.% n-hexane. 
The n-hexane phase contained about 99 wt.% n-hexane 
and about 0 wt.% ethanol and 1% ammonia. The bot 
toms from the distillation tower were removed as a 
liquid containing about 35.3 wt.% n-hexane, 53.6 wt.% 
ammonia and remainder ethanol. The described process 
recovered only 2 wt. 9% of the feed n-hexane in the 
azeotropic mixture in an essentially pure stream from 
the separator. This small percentage recovery of n-hex 
ane is achieved by batch distillation. It is believed that 
80-85 wt.% of n-hexane could be separated out from 
the azeotropic mixture of n-hexane and ethanol under a 
continuous distillation operation. 

I claim: 
1. A process for separating an azeotropic mixture 

comprising a hydrocarbon and an alcohol which com 
prises: 

adding to the azeotropic mixture an effective amount 
of anhydrous ammonia and, under distillation con 
ditions, removing a vapor phase comprising the 
hydrocarbon, ammonia and no more than a minor 
amount of the alcohol, and removing a liquid phase 
comprising the major portion of the alcohol. 
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2. The process of claim 1 in which the distillation 
conditions include above-ambient temperature and 
pressure. 

3. The process of claim 1 in which the hydrocarbon is 
a cyclic hydrocarbon. 

4. The process of claim 1 in which the hydrocarbon is 
an aromatic hydrocarbon. 

5. The process of claim 1 in which the hydrocarbon is 
a C1-C10 aliphatic hydrocarbon. 

6. The process of claim 1 in which the alcohol is a 
C1-C10 alkanol. 

7. The process of claim 6 in which the alkanol is 
selected from methanol, ethanol, propanol and butanol. 

8. The process of claim 1 in which the azeotropic 
mixture consists essentially of cyclohexane and t-butyl 
alcohol. 

9. The process of claim 8 in which the distillation 
conditions include a temperature of about 195 C. and a 
pressure of about 300 psig, 

10. The process of claim 1 which further comprises 
the steps of condensing the vapor phase and separating 
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6 
the resulting liquid into a hydrocarbon phase containing 
no more than a minor amount of ammonia and an am 
monia phase containing no more than a minor amount 
of hydrocarbon. 

11. The process of claim 1 in which the hydrocarbon 
is n-hexane and the alcohol is ethanol. 

12. The process of claim 1 in which the azeotropic 
mixture is a reaction solvent for the preparation of un 
saturated dinitriles. 

13. The process of claim 1 in which the ammonia, 
cyclohexane and minor amount of alcohol are distilled 
overhead at an overhead temperature of about 52 C. to 
55° C. 

14. The process of claim 1 in which the weight ratio 
of the ammonia to the azeotropic mixture is about 1:1 to 
about 20:1. 

15. The process of claim 14 in which the weight ratio 
of ammonia to the azeotropic mixture is about 5:1 to 
about 10:1. 

is it it it is 


